Observations of Trans-Neptunian Objectsat True Opposition
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With observations at true opposition and at larger so-
lar phase angles, we measure the opposition surge of
several TNOs in multiple bandpasses includiyd, and
occasionallyv. We survey binary TNOs as well as those
not currently known to have multiple components, from
a variety of dynamical classes. We test the hypothesis 5, S -
that ejecta exchange [1] enhances the opposition surge I 2000 YW134

. . . r 1997 CS29

of binary TNOs [2] by creating a surface with a complex 1995 L8
microtexture conducive to the constructive interference ;. [
which produces the effect at the smallest phase angles. i

Most airless, particulate surfaces exhibit a dramatic, : %
non-linear increase in reflectance as the solar phase an;ﬁa
gle decreases to zero. This is the opposition effect, or =
surge, a consequence of both interparticle shadow hid-
ing and a constructive interference phenomenon known [ ]
as coherent backscatter [3-6]. — ¢

When observed at opposition, the large heliocen- P S L L
tric distances of trans-neptunian objects (TNOs) present oot pnase Angle (1o '
unique opportunities to probe regions of the phase func-
tion inaccessible to objects closer to the Sun. Since the
Sun is not a point source, even the most distant TNOs, — (.1°, put then flattens considerably to only 0.1

cannot be observed at solar phase amgle 0°. The  magnitude/degree between phase angle @ntl 0.7.
angular size of the solar radius seen from the TNO eStab'AIthough each of these objects comes from a different
lishes the minimum phase angle at which the object can dynamical class, 1997 G$and 2000 YW, have sec-

be observed from Earth. Seen from the TNO, the Earth gndaries with comparable semi-major axes, 2300 and
transits the solar disk, and in this configuration, the TNO 1900 km, respectively, while 1995 Flis a much closer

is at “true” opposition. This precise alignment enables binary with only 420 km separating the primary and sec-
the measurement of its reflectance at the smallest 50|arondary.

phase angles for any body in the Solar System, downto f gjecta exchange plays a role in enhancing the op-
a = 0.003° for the outermost objects. When combined position surge of a TNO binary, the effect is larger for
with additional photometric observations at larger phase separations of- 2000 km than it is for the more tightly
angles, we can measure the opposition surge slope (maghound components; however, the confirmation of any re-
nitudes/degree) which is a potential classifier of dynam- |ationship between opposition surge strength, binarity,

ical class and as such can relate the evolution of a TNO gng hence semi-major axis, requires more observations.
to its physical surface properties.

Our survey includes several classical, resonant, de- 1] Stern, A., 2009 Icarus, 199, 571-573.
tached, and scattergt_j objects [7] as W(_all as Centaurs. W‘%Z] Rabinowitz, D. L., et al. 2009. BAAS, 41, 65.09.
measure the opposition surge at multiple bandpasses tcfs] Hapke, B. 1990 Icarus, 88, 407-417.
investigate any wavelength dependence of surge char{4] Mishchenko, M. 1992 J. Opt. Soc. Am. 9, 978-982.
acteristics such as amplitude and angular width. Two [5] Muinonen, K., 1990 Light scattering by inhomogeneous
binary TNOs, 1997 C$ and 2000 YW3, exhibit re- media: Backward enhancement and reversal of linear po-
markably strong opposition surges, with slopes of 2 larization. Helsinki Univ.
magnitudes/degree out i@ = 1°. The other, 1995 [6] Gladman, B. 2008 In The Solar System Beyond Neptune,
TLs, shows a strong spike (1 magnitude/degree) be- Barycci et al., Eds., Univ. of Ariz. Press, Tucson, 43-57.
tween true opposition (the minimum phase angle) and [7] Rabinowitz, D. L., etal. 2009. BAAS, 41, 65.09.
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